In 1993, the mirror facets of one of Sandia's point-focusing solar collectors, the Test Bed Concentrator #2 (TBC-2), were reconditioned. The concentrator's optical performance was evaluated before and after this operation. This report summarizes and compares the results of these tests. The tests demonstrated that the concentrator's total power and peak flux were increased while the overall flux distribution in the focal plane remained qualitatively the same.
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INTRODUCTION
In the summer and fall of 1993, the mirrored surfaces of Sandia National Laboratories' (Sandia's) Test Bed Concentrator #2 (TBC-2) were reconditioned, or lustered. This report presents the results of the dish's optical performance before and after this lustering process. The tests described in this report were performed using Sandia's Beam Characterization System (BCS) [ 1, 2] , as well as cold water calorimetry (CWC). The BCS facilitates the measurement of the flux in the dish's focal region; it includes a diffusively reflective flux target that is positioned in the focal region, and a digital camera that is used to capture an image of the flux reflected from the target. Two flux gauges embedded in the flux target provide absolute measures of the flux density at two points on the target. The peak flux and the overall power in the beam can be obtained from the BCS as well as a flux map. For dish-type collectors the accuracy (standard deviation of expected error) of the BCS is 6 to 10%.
The BCS flux target employed in the evaluation of the TBC-2 is a circular 30-inch (in.)-diameter water-cooled aluminum plate with a Lambertian aluminum-oxide surface. It was mounted to the receiver ring of the TBC-2 (the ring is indicated by the arrow in Figure l) , and positioned along the axis of the dish by a linear actuator.
The performance testing of the "prelustered" dish took place on January 20 and 21, 1993, and the postluster tests were performed on December 22, 1993, and January 3, 1994. The two-part objective of both the before and after optical evaluations was a) to determine the location of the dish's focal plane and b) to characterize the flux at the focus and in the region behind it, in the region of the receiver. 
FOCAL PLANE DETERMINATION TEST
For the purpose of this text a flux target is moved through the focal point while images and sensor data are acquired. These data are then reduced using a spreadsheet program to obtain the relative peak flux, relative power, and the diameter of a circle containing all flux equal to or greater than 10% of the value of the peak flux. Other than setting up the zoom, f-stop, and focus near the focal point, no corrections were made for scaling changes attributable to the change in the camera-totarget distance as the target is moved. While it is true that this introduces errors into the resulting fluxmaps, it does not prevent researchers from getting a sufficiently accurate relative measure of beam power and beam diameter at the selected positions in the focal region.
The before-and-after focal plane location test indicates that the dish's focal plane did not change significantly and is located 71.8 cm (28.3 in.) toward the vertex from the dish reference plane (see Table 1 and Figure 2 ). A BCS image was acquired of the flux on the target while positioned at each focal plane location. Sensor data from the flux gauges were acquired simultaneously as was an insolation reading from a normal incidence pyroheliometer, or NIP. The target flux measurements were equated to the corresponding image intensity levels in the BCS image to obtain a measure of the peak flux. The image picture levels (pixel levels) were integrated using this peak flux value to estimate the total beam power. The effective beam diameter was obtained using the BCS's image analysis software functions. The TBC-2's peak flux, power, and beam diameter at the selected positions before and after the lustering process are presented in this report.
The flux maps indicate that qualitatively the distribution of flux in the focal region did not change as a result of the lustering process (see Figures 3 through 7) . However, the peak flux that the dish is capable of producing did increase. Prior to the lustering of the TBC-2 mirrors, the
The focal point is located 71.8 cm [28.3 in.] toward the vertex from the reference plane.
1 peak flux at the focal plane was 16,598 kW/m2 (Table 2) ; after lustering and realignment the peak flux measured 17,953 kW/m2, an increase of approximately 7.5%. Figure 8 shows the peak flux values before and after the lustering process as measured with the BCS and normalized to the average total power measured by CWC @re-luster calorimetry was performed in May and June 1993 and post-luster calorimetry in November 1993). There is an unexpected drop in the 63.8-cm (25.1 -in.) target position following the lustering and realignment. This lower flux level was observed on both postluster test dates (December 22, 1993 and January 3, 1994) and is unexplained at the present. 
Beam Size
The beam size at TBC-2's focal point appears to be unchanged by the lustering and realignment processes. At its focus, which tests located at 71.8 cm (28.3 in.) from the reference plane, the measured beam diameter was 11.0 *0.2 cm before and 10.8 50.2 cm after the reconditioning of the mirror facets. Beam diameter is defined as the diameter of a circle containing all flux in a beam whose intensity is 21 0% of that beam's peak flux intensity. Figure 9 provides a graphical view of the preluster and postluster beam diameters measured at the five axial positions in the dish's focal region (see Table 3 for numerical values).
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Diameter ( In the preluster test, the beam's diameter and power measurements were not accurate in the region 22.8 cm (9 in.) behind the focus (and beyond). An accurate measurement was prevented by the presence of the dish's aperture plate, which limited the BCS camera's field of view for the beam data obtained at the 22.8-and 30.4-cm (9-and 12-in.) positions behind the focus? For the postluster test, the aperture plate was removed.
* During the preluster beam characterization the TBC-2 was equipped as usual with its aperture plate. This is a water-cooled flux shield that is typically mounted on the vertex side of the dish's mounting ring and provides a means of shielding the receiver or dish-test subject from the dish's intense beam of
Beam Power
Although excellent for characterizing collector flux distributions, the BCS is not particularly well-suited for making accurate beam power measurements. At Sandia, CWC is currently the preferred measurement, and calorimetry measurements of the TBC-2's total beam power were made in the same time frame as the preluster and postluster beam characterizations. The preluster and postluster calorimetry, performed in near-solar-noon conditions and subsequently normalized to an insolation level of 1,000 W/m2, yielded total power values of 70.5 k 1 and 77.9 & 1 kW, respectively. Error analysis established the measurement accuracy at 1.5%. By contrast, the BCS accuracy is 6 to 10%. For this reason, the beam power measurements cited here are those made by calorimetry. For comparison purposes, Table 4 lists the TBC-2 power measurements made at or close to the focal plane obtained with both the BCS and the CWC. 
Power Intercept
The lustering process increased the total dish power (from 70.5 & lto 77.9 k 1 kW). Figure  10 provides power intercept curves that were obtained at two focal plane locations (71.4 and 63.8 cm (28.1 and 25.1 in.) from the dish reference plane) before and after the mirror reconditioning. Table 5 gives the data from which the curve was drawn. The power values were obtained from the BCS images or flux maps. The absolute accuracy of these beam power values is f 8 to lo%, but the relative accuracy (i.e., the accuracy of one power value relative to the next) is f 2 to 4%3.
Beam Profile Analysis
The overall flux distribution in the TBC-2 beam does not appear to have been altered by the mirror lustering process. As another means of exploring this property, the beam profiles (a beam profile is essentially a cross section of the beam) of the TBC-2 before and after the lustering process were examined. Figure 11 compares the beam profiles at two focal plane locations collected solar energy. The shield consists of a fixed, large circular aperture plate having a 40-cm (16-in.) diameter hole (through which the flux may pass), and a rectangular plate that can slide across the aperture to block the flux from reaching the receiver or whatever test apparatus is mounted in the focal region. During the postluster test this aperture plate was absent. Because the aperture plate is normally positioned between the BCS target and the BCS camera, the camera's view of the target is constrained by the 40-cm (16-in.) hole in the aperture plate. At a point around 17.7 or 20.4 cm (7 or 8 in.) behind the focal point, the dish's collected solar beam becomes wider than the 40-cm (16-in.) diameter, and that flux is not in the BCS camera's view. Thus, for the 22.8-and 30.4-cm (9-and 12-in.) positions behind the focal point, the preluster test was unable to measure flux outside the 40-cm (16-in.) inner circle of the flux target.
The largest contributor to BCS measurement uncertainty is the calibration accuracy of the flux gauges. Relative power measurements (i.e., the power associated with individual picture elements in a BCS image) are obtained by image analysis without employing the flux gauges; their accuracy is unaffected by flux gauge inaccuracies. Vertical Profile at 63.8 cm Figure 11 . Profile plots of TBC-2 beams before and after lustering process 
CONCLUSION
The optical tests performed indicate that as a result of the mirror reconditioning and realignment process the location of the TBC-2's focal point did not change, but the dish's total power and peak flux capabilities did increase. The relative distribution of the flux in the collected beam appeared to remain qualitatively the same. The experimentally determined location of the dish's focal point remained at 71.8 cm (28.3 in.) toward the dish's vertex measured from the dish's receiver mounting plane. The normalized, overall power of the dish increased from 70.5 kW to 77.9 kW (* 1.1 kw), a change of 10.5%. The peak flux in the beam, measured at the focal point, increased from 16,598 kW/m2 to 17,953 kW/m2 (* 1,400 kw), a change of 8.2%. The diameter of the flux beam at the focal plane of the dish may have decreased slightly from 1 1 .O cm (2.2 cm) to 10.8 cm (* .2 cm). The relative flux distribution in the concentrated beam remained qualitatively unchanged.
